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Description 

[0001] The present invention re.ates to a method of using a melt-flowable sheet materia, to provide protective and 

and aluminum. in the wav caulking is applied, and the worker 

have also near >mM ae a .Pip ca tape. semWure d. ourable polymeria aaaling strip aompoailion 

and non-visible applications and handled as ^ortaj*" gnd have utility in a number 0 f industries including 
[00101 Thermosettable pressure-sensitive adhesives are known ana nave 

assembly ofautomobi.es and appliances. Such adh in the form 
These adhesives are pressure-sensitive ,e.. tacky at the 

ZTEZ SIm b, desirable ,o have a .herreesenahie P— "*e adhesive rape M 
deficiencies of the above-described adhesive film. 
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[0015] Japanese Patent Publication (Kokai) No. 53-42280 describes a composite sheet having a sheet of thermo- 
setting material that is coated with a heat fusing material. The heat fusing material is intended to coat the thermosetting 
resin sheet so that workers can avoid direct skin contact with the thermosetting adhesive. The thermosetting material 
and the heat fusing material are mutually non-reactive and compatible, and characterized by a maximum difference in 
5 fusing temperatures of 50°C. The heat fusing material melts and mixes with the thermosetting material before it is 
hardened. 

[0016] Japanese Laid-Open Patent Application JP H4-1 89885 describes a thermosettable pressure-sensitive adhe- 
sive made from acrylate copolymers and epoxy resin. The adhesive composition can be coated onto one or both sides 
of a nonwoven material, which acts as a pre-preg to increase the strength of the adhesive sheet. 
10 [0017] It would be desirable to have a thermosettable pressure-sensitive adhesive tape that is substantially tack- 
free at room temperature (about 21 °C) on at least one major surface, but both major surfaces of the tape can be 
adapted for bonding to other substrates. 

[0018] The present invention provides an article comprising a sheet material according to any of claims 1 to 5 and 
a method for imparting topographical or protective features to a substrate according to claim 6 or 7. 
is [0019] The invention will now be described in greater detail with reference to the accompanying drawings, in which: 

FIG. 2 is a cross-sectional view of a two-layer sheet material according to the invention. 
FIG. 3a is a cross-sectional view of another two-layer sheet material according to the invention. 
FIG. 3b is a cross-sectional view showing the sheet material of FIG. 3a situated in an automobile roof ditch prior 
20 to heating. 

FIG. 3c is a cross-sectional view showing the sheet material of FIG. 3a situated in an automobile roof ditch after 
heating. 

FIG. 4a is a top view of a washer having a sheet material of the invention adhered thereto. 
PIG. 4b is a cross-sectional view along the line 4b of FIG. 4a. 
25 FIG. 4c is a sectional view showing the embodiment of FIG. 4a having a bolt inserted therein for joining a door 

hinge to a door frame. 

[0020] The present invention comprises the use of a melt-flowable sheet material to provide protective and/or aes- 
thetically pleasing features to a substrate. Generally, the method of the invention includes placing a melt-flowable sheet 

30 material over the substrate and heating the sheet material to cause sufficient softening of the sheet material so that it 
bonds to the substrate. When the melt-flowable sheet is placed on the substrate at room temperature, it is substantially 
tack-free. As the sheet is heated, it first softens and conforms to the surface of the substrate, thereby allowing trapped 
air to.be pushed out by the flowing material. Further into the heating cycle, as the sheet material becomes hotter, it 
becomes tacky, and wets out sufficiently on the surface to bond to the surface. In some applications, the sheet material 

35 will also melt and flow to conceal defects, surface imperfections, and/or fill in gaps. 

[0021] After the sheet has been bonded to the surface, the sheet material may remain melt-flowable, i.e., thermo- 
plastic, wherein re-heating will cause the material to flow again; the sheet material may cure or cross-link when it is 
heated and become thermoset so that it no longer flows when re-heated; or a portion of the sheet material may cure 
or become cross-linked, i.e., thermoset, while a portion of the sheet material remains thermoplastic. 

40 [0022] The method of the present invention has a number of applications in industry. One utility of the method is in 
the automotive industry where it can be utilized in a process to seal metal joints in automobiles. By this process, one 
first prepares the sheet material such as by the above-described process. Subsequently, the sheet material would be 
applied over the joint to be sealed. Complete sealing and bonding would be obtained because the sheet material flows 
prior to hardening. As a result of the controlled flow of the edges of the sheet material, an aesthetic surface appearance 

45 is achieved. The exposed surface of the hardened sheet material can then be painted or otherwise decorated to match 
the automobile body. 

[0023] An alternative application of the method of the invention is in the application of emblems or insignia or design 
elements to surfaces such as an automobile body. An example of an emblem or insignia is a logo of an automobile 
manufacturer. An example of a design element is trim to enhance and highlight auto body curvature and to provide 
so protection to the primed metal substructure without the need for complex metal stamping to obtain the shape. In such 
a method, the sheet material is configured initially in the shape of the emblem or insignia or design elements desired 
such as by die-cutting. Practice of the method of the invention thereby provides an aesthetically pleasing emblem or 
insignia having smooth transition lines relative to the surface to which it has been bonded. 

[0024] The melt-flowable sheet material can be placed in a roof ditch on an automobile before it is painted to conceal 
55 unsightly flaws in the metal, spot welds, and the step joint where the sheet metal of the roof is welded to the sheet 
metal of the car body. 

[0025] In one specific embodiment, the melt-flowable sheet material is cut into a strip having a width slightly greater 
than the width of the roof ditch and a length equal to the length of the ditch. The roof ditch may be unprimed, unprimed 
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with a portion sealed with conventional sealers, primed with conventional primers or pri med I and ^^7™™^' 
the automobile would be primed with an electrodeposition coating as detailed herembelow P^ZS the s en 
strip. The strip is then heated in the ditch so the strip material flows and levels out over any 

S in the roof ditch creating a smooth, aesthetically pleasing appearance within the ditch. At the m^ M- 
flowable strip also adheres to the inside surfaces of the roof ditch and provides a protective sea m the J'tcMo prevent 
raTwater dirt snow, etc. from getting into the roof ditch and causing rusting or corros,on. In th.s appl.cat.on. m whrt 
Ihe SWP has a width slightly greater than the width of the roof ditch, the strip material also takes on a concave config- 
uration alonq the length of the roof ditch to provide a channel to carry water off the roof of the car. 

or rrackina of the Daint while bonding tightly to both the paint and the surfaces of the roof ditch. 

the strip in place, may then be painted and put through an 
170°C for about 20 minutes. A protective clear coat may also be applied and cured. It is recognized that the oven cure 
tiland^ 

cvcles can ranqe from about 20 to 40 minutes at temperatures between about 1 20°C and 200 C. 
Jots] in a prefab embodiment, the paint also reacts chemically with the melt-flowable strip matena c , improve 
the adhesion between the paint and the melt-flowable strip. The reaction of the paint with the strip matenal causes the 
Ttrip mateS to become thermoset at, and near, the interface of the strip with the paint, while the stnp matenal remains 

sr^o™ 

the paint during the cure cycle, and also undergoes curing to provide a strip that is thermoset. The curing may be 
achieved bv thermal or radiation means as is discussed herembelow. ... 
[OoS] in an alternative embodiment, the strip may be placed in the roof ditch after the automobile has been painted. 
The roof ditch area can then be heated with conventional heaters, such as an infrared heater or a quartz halogen lamp 
£^Zdbond the strip to the roof ditch without further processing. In this embodiment, the stnp may be compounded 
with p gments to provide a contrasting or complementary color. The melt sealing strip material may ■remain thermo- 
plastic become thermoset throughout the thickness of the strip, or become thermoset only at the surface of the stnp^ 
Vm The melt flowable shee? materials are preferably solid, and may or may not be tacky * ™" 
some embodiments, the melt sealing sheet material will also function as a hot melt adhesive. Hot melt adhesive ma- 
terials preferably have a melting point above about 50°C. As used herein, a "hot melt adhesive composition refers to 
aS£SSd and non-tacky at room temperature (about 21-C) but which, upon heating, melts sufficiently 
to wet ouYo a surface and adhere to it. Adhesives having melt temperatures below 50° C may melt prematun * in 
storage in hot climates and may not perform well in applications that require a part to be die-cut or punched out on a 

T:2£mZ be formed into a sheet using convention, sheet forming techniques ; indu^ ex 
ruding the materia, from a heated die; heating the sheet materia, to a suitable melt temperature and knife coating onto 
a release liner; curtain coating the molten material; or dispersing the material ,n a solvent, coating onto a release liner, 
and drying the solvent. For environmental reasons, the preferred methods are solvent free systems^ 
[0033? The thickness of the melt-flowable sheet material will vary depending upon s intended end I use. For seahng 
applications, it is desirable to have the sheet thick enough to provide sufficient material to flow and level out ove dents 
bumps and other surface imperfections or to fill in gaps between joints. Useful thicknesses have been found to be n 
the range of about 0.05 mm (millimeters) to 25 mm. For typical melt sealing applications where a Protective sea. is 
desired thicknesses may range from 0.10 to 25 mm. preferably 0.20 to 10 mm. and more preferably 0.34 to 6 mm. 
?0«4] The melt-flowable sheet material can be packaged in the form of rolls of sheet materia, rolls of topes , e 
enqths of material in narrow widths, or stacks of sheets cut to a desired dimens.on or shape for the end use. If the 

oTosS ons f the melt-flowable sheet materia, are tacky, a release liner may be interleaved be^ 
or wraps of a roll. In some two layer sheet constructions in which one layer is tacky, the non-tacky I^W™"" 
toe liner without requiring a separate liner. If the sheet material includes a latent light activated catalyst in the sheet, 
the sheet is preferably packaged and transported in the absence of actinic radiation, until ready for use. 

0035] T compositions for the melt-flowable sheet material can also be packaged for use in a ho -melt applicator 
system with the use of pail unloaders. cartridge dispensers, and the like. The compositions can then be heated at the 
point of use and applied in the molten state to the substrate. This method may require spec.al.zed equipment to apply 

irosT^nemelt-flowable materials can be applied and bonded to most substrates including plastics, 
i« glass, and cellulosic materials; primed, bare, or painted metal substrates such as aluminum, cold rolled steel, 
qal'vanized steel, and porcelainized steel are particularly preferred. , . 

[00371 The melt-flowable sheet can include one or more other layers for various purposes as detailed herembelow. 
Such ayers include a thermosettable melt sealing layer, a thermosettable pressure-sensitive adhesive layer, a pres- 
sure sens tive adhesive layer, a second melt-flowable layer, e.g.. one having a different glass transition temperature 
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than the first melt-flowable layer, a layer capable of cross-linking with the melt-flowable layer at the interface between 
the two layers, an expandable layer, a nonwoven layer, or a polymeric film, e.g., a thermoplastic film that is preferably 
dimensionally stable at the temperatures of application and use. Various methods of bonding the additional layers to 
the melt-flowable layer include techniques known in industry such as heat lamination, bonding with a pressure-sensitive 
adhesive, co-extruding the second layer with the melt-flowable layer, hot melt coating, direct coating of the second 
layer to the first, and the like. 

[0038] The melt-flowable sheet material useful in the practice of the invention comprises thermoplastic polymeric 
materials that have functional groups that can react with typical paints used in the industry such as those based on 
melamine or epoxy. 

[0039] Preferred thermoplastic polymers are functionalized amorphous or semi-crystalline polymers having a glass 
transition temperature above -30°C and functionalized semi-crystalline polymers having a glass transition temperature 
below -30°C. Useful polymers are those having functional groups including -OH, -NH.-CONH, -COOH, -NH 2 , -SH, 
anhydrides, urethanes, and oxirane. Preferred functional groups are -OH, -COOH, and -NH. Examples of useful pol- 
ymers include polyesters, polyamides, functionalized ethylene (meth)acrylates, such as those functionalized with -OR 
groups, ethylene acrylic acids, polysulfides, polyacetals, such as polyvinylbutyral, olefinic polymers having the appro- 
priate functional groups, such as ethylene-(meth)acrylic acid, propylene-(meth)acrylic acid, ethylene-(meth)acrylic es- 
ter, propylene-(meth)acrylic ester, polycaprolactones, epoxy polycaprolactone compositions, and epoxy polyester hot 
melt compositions described in the parent application, U.S. Serial No. 08/047,862, filed April 15, 1993, and compatible 
blends thereof. 

[0040] Preferred materials for the melt-flowable sheet material include polycaprolactones, and polyesters having 
hydroxyl and carboxyl termination and may be amorphous or semi-crystalline at room temperature. More preferred are 
hydroxyl terminated polyesters that are semi-crystalline at room temperature. A material that is "amorphous" has a 
glass transition temperature but does not display a measurable crystalline melting point as determined on a differential 
scanning calorimeter (DSC). Preferably, the glass transition temperature is less than the decomposition temperature 
of a photoinitiator, if one is used as described hereinbelow, but without being more than about 120°C. A material that 
is "semi-crystalline" displays a crystalline melting point as determined by DSC, preferably with a maximum melting 
point of about 200°C. 

[0041] Crystallinity in a polymer is also observed as a clouding or opacifying of a sheet that had been heated to an 
amorphous state as it cools. When the polyester polymer is heated to a molten state and knife coated onto a liner to 
form a sheet, it is amorphous and the sheet is observed to be clear and fairly transparent to light. As the polymer in 
the sheet material cools, crystalline domains form and the crystallization is characterized by the clouding of the sheet 
to a translucent or opaque state. The degree of crystallinity may be varied in the polymers by mixing in any compatible 
combination of amorphous polymers and semi-crystalline polymers having varying degrees of crystallinity. It is generally 
preferred that material heated to an amorphous state be allowed sufficient time to return to its semi-crystalline state 
before painting so that the paint is applied to a uniformly consistent surface. The clouding of the sheet provides a 
convenient nondestructive method of determining that crystallization has occurred to some degree in the polymer. 
[0042] The polymers may include nucleating agents to increase the rate of crystallization at a given temperature. 
Useful nucleating agents include microcrystalline waxes. A suitable wax is one comprising C greater than 14 (CAS 
#71770-71-5) alcohol and an ethylene homopolymer (CAS #9002-88-4) sold by Petrolite Corp. as Unilin 700. Paint 
catalysts such as para-toluene sulfonic acid may be added to the polyester, as well as melamines to improve the 
adhesion of the melt-flowable layer to paint and coatings. 

[0043] The preferred polyesters are solid at room temperature. Preferred polyester materials have a number average 
molecular weight of about 7500 to 200,000, more preferably from about 10,000 to 50,000, and most preferably, from 
about 15,000 to 30,000. 

[0044] Polyester components useful in the invention comprise the reaction product of dicarboxylic acids (or their 
diester equivalents) and diols. The diacids (or diester equivalents) can be saturated aliphatic acids containing from 4 
to 12 carbon atoms (including branched, unbranched, or cyclic materials having 5 to 6 carbon atoms in a ring) and/or 
aromatic acids containing from 8 to 15 carbon atoms. Examples of suitable aliphatic acids are succinic, glutaric, adipic, 
pimelic, suberic, azelaic, sebacic, 1,12-dodecanedioic, 1,4-cyclohexanedicarboxylic, 1 ,3-cyclopentanedicarboxylic, 
2-methylsuccinic, 2-methylpentanedioic, 3-methylhexanedioic acids, and the like. Suitable aromatic acids include 
terephthalic acid, isophthalic acid, phthalic acid, 4,4-benzophenone dicarboxylic acid, 4,4 , -diphenylmethanedicarbo- 
xylic acid, 4,4-diphenylthioether dicarboxylic acid, and 4,4 , -diphenylamine dicarboxylic acid. Preferably the structure 
between the two carboxyl groups in the diacids contain only carbon and hydrogen, and more preferably, the structure 
is a phenylene group. Blends of the foregoing diacids may be used. 

[0045] The diols include branched, unbranched, and cyclic aliphatic diols having from 2 to 1 2 carbon atoms. Examples 
of suitable diols include ethylene glycol, 1 ,3-propylene glycol, 1,2-propylene glycol, 1,4-butanediol, 1,3-butanediol, 
1,5-pentanediol, 2-methyl-2,4-pentanediol, 1,6-hexanediol, cyclobutane-1,3-di(2 , -ethanol), cyclohexane-1,4-dimetha- 
nol, 1,10-decanediol, 1,12-dodecanediol, and neopentyl glycol. Long chain diols including poly(oxyalkylene)glycols in 
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which the alkylene group contains from 2 to 9 carbon atoms, preferably 2 to 4 carbon atoms, may also be used. Blends 

crystalline copolyesters available from HOIs America. Inc. such as Dynapol™S 1401 Dynapol™S 1402 N Dy- 
. napd-S1358 Dynapol™S1359. Dynapol-81227. and Dynapol™S1229. Useful saturated, hnear amorphous copol- 
yesters available from Huls America. Inc., include Dynapol™S1313 and Dynapol™S1430. 
?0047 The foregoing polyesters may be cast into sheets by melting the polyester resm at temperatures from about 
100° to 150°C to form a molten material and knife coating onto a liner such as a silicone release coated paper. The 
polyester materials may further include fillers as detailed below for an epoxy polyester composition 
w [0M8] Sheetsfo^^ 

gaps and imperfections such as in the above described roof ditch molding on an automobile. In add.t^n these poly- 
esters have been found to provide paint compatible surfaces for melamine and epoxy paints and will withstand at leas 
p£ curing , cyctes (e.g. 20-30 minutes at 120°C, and 20-30 minutes at 200°C). It has also been found that 
^l^St^ZZ^ wKh epoxy and melamine paints, will react with the paint at the interface between the 

" SST2£ sheet material are epoxy po.ycaproiactone compositions and epoxy p* 

Tst hot mei? compositions. Polycaprolactones are biodegradable in soil. Especially preferred are epoxy polyester 
which cure" on exposure to radiation to provide high strength sealing mate n£ l^ogori 

adhesion to the substrate to which it is adhered. The epoxy-containing material contnbutes to the ultimate strength 
20 and hTa lesistance of the composition, whi.e the polyester component allows the sheet ^ 

substrate and provides initial adhesion to the substrate, and the photo.n.tiator permits the composrtion to cure i.e 

covaen%c^ 

ThyS-containing material to impart flexibility and toughness to the hot melt compositions. Preferred popsters for 
the epoSpolyester sheet material are those hydroxyl and carboxyl terminated functional materials described above. 
25 Especially preferred are hydroxyl terminated polyesters having some degree of crystallmity. 

[OOSoT Epoxy-containing materials useful in the compositions of the invention are any organic compounds having at 



least one oxirane ring 



o 

35 

Dolvmerizable by a ring opening reaction. Such materials, broadly called epoxides, include both monomeric and pol- 
vSePox des and can be aliphatic, cycloaliphatic, or aromatic. These materials generally have, on the average at 
le™ lo £ox 'groups per molecule (preferably more than two epoxy groups per molecule). The "average" number 

40 of epoty groups per molecule is defined as the number of epoxy groups in the epoxy-containing matenal dmded by 
th S number of epoxy molecules present. The polymeric epoxides include linear polymers having termlna epoxy 
groups e g" a diglycidyl ether of a polyoxyalkylene glycol), polymers having skeleta. oxirane units (e.g., po lybutadiene 
polyepoxide , and polymers having pendent epoxy groups (e.g., a glycidyl methacrylate polymer or copolymer). The 
modular weight of the epoxy-containing material may vary from 58 to about 100,000 or more. M.xtures of various 

45 eDoxv-containing materials can also be used in the hot melt compositions of the invention. 

S] SSl epoxy-containing materials include those which contain cyclohexene oxide groups such as the epox- 
vcvclohexanecarboxylates, typified by 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexanecarboxyla e, 3.4-epoxy- 
Scyc^ carboxylate. and "^^^ 

thyl) adipate. For a more detailed list of useful epoxides of this nature, reference may be made to U.S. Patent No. 

50 ?0052r 9 Furtherepoxy-containingmaterialswhichareparticulartyusefulintheprac« 
ether monomers of the formula 



55 



EP 0 820 491 B1 



R'(OCH 2 — CH 




where R' is alkyl or aryl and n is an Integer of 1 to 6. Examples are the glycidyl ethers of polyhydric phenols obtained 
by reacting a polyhydric phenol with an excess of chlorohydrin such as epichlorohydrin (e.g., the diglycidyl ether of 
2,2-bis-(2,3-epoxypropoxyphenol) propane). Further examples of epoxides of this type which can be used in the prac- 
tice of this invention are described in U.S. Patent No. 3,018,262. 

[0053] There is a host of commercially available epoxy-containing materials which can be used in this invention. In 
particular, epoxides which are readily available include octadecylene oxide, epichlorohydrin, styrene oxide, vinyl cy- 
clohexene oxide, glycidol, giycidylmethacrylate, diglycidyl ether of Bisphenol A (e.g., those available under the trade 
designations EPON 828, EPON 1004, and EPON 1001 F from Shelf Chemical Co., and DER-332 and DER-334, from 
Dow Chemical Co.), diglycidyl ether of Bisphenol F (e.g., ARALDITE GY281 from Ciba-Geigy), vinytcyclohexene di- 
oxide (e.g., ERL 4206 from Union Carbide Corp.), 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexene carboxylate (e. 
g., ERL-4221 from Union Carbide Corp.), 2-(3,4-epoxycylohexyl-5,5-spiro-3,4-epoxy)cyclohexane-metadioxane (e.g., 
ERL-4234 from Union Carbide Corp.), bis(3,4-epoxycyclohexyl) adipate (e.g., ERL-4299 from Union Carbide Corp.), 
dipentene dioxide (e.g., ERL-4269 from Union Carbide Corp.), epoxidized polybutadiene (e.g., OXIRON 2001 from 
FMC Corp.), silicone resin containing epoxy functionality, epoxy silanes (e.g., beta-(3,4-epoxycyclohexyl)ethyltrimeth- 
oxy silane and gamma-glycidoxypropyltrimethoxy silane, commercially available from Union Carbide), flame retardant 
epoxy resins (e.g., DER-542, a brominated bisphenol type epoxy resin available from Dow Chemical Co.), 1 ,4-butane- 
diol diglycidyl ether (e.g., ARALDITE RD-2 from Ciba-Geigy), hydrogenated bisphenol A-epichlorohydrin based epoxy 
resins (e.g., EPONEX 1510 from Shell Chemical Co.), and polyglycidyl ether of phenolformaldehyde novolak (e.g., 
DEN-431 and DEN-438 from Dow Chemical Co.). 

[0054] The photoinitiators which are useful in the compositions of the invention are cationic and include these three 
types, viz. aromatic iodonium complex salts, aromatic sulfonium complex salts and metallocene salts. Useful aromatic 
iodonium complex salts have the formula: 



© X o 



where Ar 1 and Ar 2 are aromatic groups having 4 to 20 carbon atoms and are selected from the group consisting of 
phenyl, thienyl, furanyl, and pyrazolyl groups. Z is selected from the group consisting of oxygen; sulfur, 



S=0; C=0; 



S=0; R — N 



where R is aryl (of 6 to 20 carbons, such as phenyl) or acyl (of 2 to 20 carbons, such as acetyl, benzoyl, etc.); a carbon- 
to-carbon bond; or 
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where R, and R, are selected from hydrogen, alkyl radicals of I to 4 carbons, and alkenyl radicals of 2 to 4 carbons. 
The value of m is zero or 1 and X is a halogen-containing complex anion selected from tetrafluoroborate, hexafluoro- 
phosphate, pentafluorohydroxyantimonate, hexafluoroarsenate, and hexafluoroantimonate. 
[0055] The Ar 1 and Ar 2 aromatic groups may optionally have one or more fused benzo rings (e.g., naphthyl. benzo- 
thienyl dibenzothienyl, benzofuranyl, dibenzofuranyl, etc.). The aromatic groups may also be substituted, if desired, 
by one or more non-basic groups if they are essentially non-reactive with epoxide and hydroxyl functionalities. 
[0056] Useful aromatic iodonium complex salts are described more fully in U.S. Patent No. 4.256,828. The preferred 
aromatic iodonium complex salts are diaryliodonium hexafluorophosphate and diaryliodonium hexafluoroantimonate. 
[0057] The aromatic iodonium complex salts useful in the compositions of the invention are photosensitive only in 
the ultraviolet region of the spectrum. They, however, can be sensitized to the near ultraviolet and the visible range of 
the spectrum by sensitizers for known photolyzable organic halogen compounds. Illustrative sensitizers include aro- 
matic amines and colored aromatic polycyclic hydrocarbons. 

[0058] Aromatic sulfonium complex salt photoinitiators suitable for use in the compositions of the invention can be 
defined by the formula 

I<- S • X e 

R 5 



wherein R 3 R 4 and R 5 can be the same or different, provided that at least one of the groups is aromatic. These groups 
can be selected from aromatic moieties having 4 to 20 carbon atoms (e.g., substituted and unsubstituted phenyl, thienyl, 
and furanyl) and alkyl radicals having 1 to 20 carbon atoms. The term "alkyl" includes substituted alkyl radicals (for 
example, substituents such as halogen, hydroxy, alkoxy, aryl). Preferably, R 3 , R 4 and R 5 are each aromatic. Z, m and 
X are all as defined above with regard to the iodonium complex salts. 

[0059] If R 3 , R 4 or R 5 is an aromatic group, it may optionally have one or more fused benzo rings (e.g.. naphthyl, 
benzothienyl, dibenzothienyl, benzofuranyl, dibenzofuranyl. etc.) Such aromatic groups may also be substituted, if 
desired, by one or more non-basic groups that are essentially non-reactive with epoxide and hydroxyl functionality. 
[0060] The triaryl-substituted salts such as triphenylsulfonium hexafluoroantimonate are preferred. Useful sulfonium 
complex salts are described more fully in U.S. Patent No. 4,256,828. 

[0061] The aromatic sulfonium complex salts useful in the invention are inherently photosensitive only in the ultra- 
violet region of the spectrum. They, however, are sensitized to the near ultraviolet and the visible range of the spectrum 
by a select group of sensitizers such as described in U.S. Patent No. 4,256,828. 
[0062] Useful metallocene salts can have the formula: 




r 



wherein 

M p represents a metal selected from Cr, Mo, W, Mn, Re, Fe, and Co; 

I_1 represents 1 or 2 ligands contributing p-electrons that can be the same or different ligand selected from substi- 
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tuted and unsubstituted h 3 -allyl, h 5 -cyclopentadienyl, and h 7 -cycloheptatrienyl and h 6 -aromatic compounds se- 
lected from h 6 -benzene and substituted h 6 -benzene compounds and compounds having 2 to 4 fused rings each 
capable of contributing 3 to 8 p-electrons to the valence shell of M p ; 
L 2 represents none or 1 to 3 ligands contributing an even number of sigma-electrons that can be the same or 
different ligand selected from carbon monoxide or nitrosonium; 

with the proviso that the total electronic charge contributed to MP by L 1 and L 2 plus the ionic charge on the metal M p 
results in a net residual positive charge of q to the complex, and 

q is an integer having a value of 1 or 2, the residual electrical charge of the complex cation; 
Y is a halogen-containing complex anion selected from AsF 6 -, SbF 6 - and SbF 5 OH-; and 

r is an integer having a value of 1 or 2, the numbers of complex anions required to neutralize the charge q on the 
complex cation. 

[0063] Useful metallocene salts are described more fully in U.S. Patent No. 5,089,536 (Palazzotto et al.)- An example 
of a useful salt is (n 5 -cyclopentadienyl)(7i 6 -xylenes)Fe + SbF 6 -, also denoted as Cp(xylenes)Fe + SbF 6 -. Useful amounts 
of the metallocene catalyst range from about 0.05 to 20 parts by weight of the epoxy resin, preferably from about 0.07 
to about 10 parts, and more preferably from about 0.09 to about 3 parts. The metallocene salts may be used in con- 
junction with a reaction accelerator such as an oxalate ester of a tertiary alcohol. 

[0064] Useful commercially available photoinitiators include FX-512, an aromatic sulfonium complex salt (3M Com- 
pany), an aromatic sulfonium complex salt (Union Carbide Corp.), U VI-6974, an aromatic sulfonium complex salt (Union 
Carbide Corp.), and IRGACURE™261 , a metallocene complex salt (Ciba-Geigy). 

[0065] Optionally, the hot melt compositions of the invention may further comprise a hydroxyl-containing material. 
The hydroxyl-containing material may be any liquid or solid organic material having hydroxyl functionality of at least 1 , 
preferably at least 2, and most preferably about 3. The hydroxyl-containing organic material should be free of other 
"active hydrogen" containing groups such as amino and mercapto moieties. The hydroxyl-containing organic material 
should also be substantially free of groups which may be thermally or photolytically unstable so that the material will 
not decompose or liberate volatile components at temperatures below about 100°C or when exposed to actinic or 
electron beam radiation during curing. 

[0066] Preferably the organic material contains two or more primary or secondary aliphatic hydroxyl groups (i.e., the 
hydroxyl group is bonded directly to a nonaromatic carbon atom). The hydroxyl group may be terminally situated, or 
may be pendent from a polymer or copolymer. The number average equivalent weight of the hydroxyl-containing ma- 
terial is preferably about 31 to 2250, more preferably about 80 to 1000, and most preferably about 80 to 350. 
[0067] Representative examples of suitable organic materials having a hydroxyl functionality of 1 include alkanols, 
monoalkyl ethers of polyoxyalkylene glycols, and monoalkyl ethers of alkylene glycols. 

[0068] Representative examples of useful monomeric polyhydroxy organic materials include alkylene glycols (e.g., 
1,2-ethanediol, 1,3-propanediol, 1,4-butanediol, 2-ethyl-1,6-hexanediol, bis(hydroxymethyl)cyclohexane, 1,18-dihy- 
droxyoctadecane, and 3-chloro-1,2-propanediol), polyhydroxyalkanes (e.g., glycerine, trimethylolethane, pentaeryth- 
ritol, and sorbitol) and other polyhydroxy compounds such as N,N-bis(hydroxyethyl)benzamide, 2-butene-1,4-diol, cas- 
tor oil, etc. 

[0069] Representative examples of useful polymeric hydroxyl-containing materials include polyoxyalkylene polyols 
(e.g., polyoxyethylene and polyoxypropylene glycols and triols of equivalent weight of 31 to 2250 for the diols or 80 to 
350 for triols), polytetramethylene oxide glycols of varying molecular weight, hydroxyl-terminated polyesters, and hy- 
droxyl-terminated polylactones. 

[0070] Useful commercially available hydroxyl-containing materials include the POLYMEG series (available from QO 
Chemicals, Inc.) of polytetramethylene oxide glycols such as POLYMEG 650, 1000 and 2000; the TERATHANE series 
(from E.I. duPont de Nemours and Company) of polytetramethylene oxide glycols such as TERATHANE 650, 1000 
and 2000; POLYTHF, a polytetramethylene oxide glycol from BASF Corp.; the BUTVAR series (available from Monsanto 
Chemical Company) of polyvinylacetal resins such as BUTVAR B-72A, B-73, B-76, B-90 and B-98; the TONE series 
(available from Union Carbide) of polycaprolactone polyols such as TONE 0200, 0210, 0230, 0240, and 0260; the 
DESMOPHEN series (available from Miles Inc.) of saturated polyester polyols such as DESMOPHEN 2000, 2500, 
2501, 2001 KS, 2502, 2505, 1700, 1800, and 2504; the RUCOFLEX series (available from Ruco Corp.) of saturated 
polyester polyols such as S-107, S-109, S-1011 and S-1014; VORANOL 234-630 (a trimethylol propane) from Dow 
Chemical Company; VORANOL 230-238 (a glycerol polypropylene oxide adduct) from Dow Chemical Company; the 
SYNFAC series (from Milliken Chemical) of polyoxyalkylated bisphenol A's such as SYNFAC 8009, 773240, 8024, 
8027, 8026, and 8031 ; and the ARCOL series (from Arco Chemical Co.) of polyoxypropylene polyols such as ARCOL 
425, 1025, 2025, 42, 112, 168, and 240. 

[0071] The amount of hydroxyl-containing organic material used in the compositions of the invention may vary over 
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a broad range, depending on factors such as the compatibility of the hydroxyl-containing material with both the epoxy- 
containing material and the polyester component, the equivalent weight and functionality of the hydroxyl-containing 
material, and the physical properties desired in the final cured composition. 

[00721 The optional hydroxyl-containing material is particularly useful in tailoring the flexibihty of the hot melt com- 
positions of the invention. As the equivalent weight of the hydroxyl-containing material increases, the flex.bil.ty of the 
hot melt composition correspondingly increases although there may be a consequent loss in cohesive strength. Sim- 
ilarly decreasing equivalent weight may result in a loss of flexibility with a consequent increase in cohesive strength^ 
Thus, the equivalent weight of the hydroxyl-containing material is selected so as to balance these two properties, the 
appropriate balance depending on the particular application. atln », orlam 
[0073] Flexible melt sealing compositions are useful in forming flexible sheets for seal.ng Performance at lower tarn- 
oeratures i e below about 0°C. If the hydroxyl-containing material is used to tailor the flexibility of the melt sealing 
composition, polyoxyethylene glycols and triols having an equivalent weight of about 31 to 2250 for the : glycols and 80 
to 350 for the triols are particularly preferred. Even more preferred are polyoxypropylene glycols and tnols havmg an 
equivalent weight of about 31 to 2250 for the glycols and an equivalent weight of about 80 to 350 for the triols 
roo741 The melt-flowable compositions of the invention comprise from 0.01 to 95 parts per 100 parts tota of the 
epoxy-containing material and, correspondingly, from 99.99 to 5 parts of the polyester component. More preferably, 
the melt-flowable compositions of the invention comprise from 0.1 to 80 parts of the epoxy-conta.ning material and. 
correspondingly, from 99.9 to 20 parts of the polyester component. Most preferably, the hot melt compositions of the 
invention comprise from 0.5 to 60 parts of the epoxy-containing material, and. correspondingly, from 99.5 to 40 parts 
of the polyester component. Increasing amounts of the epoxy-containing material relative to the polyester component 
generally result in melt-flowable compositions having higher ultimate strength and heat resistance but less flexibility, 
and lower viscosity. Increasing amounts of the polyester component generally result in melt-flowable composit.ons 
having lower ultimate strength, heat resistance and higher viscosity but greater flexibility and green strength build-up. 
Thus, the relative amounts of these two ingredients are balanced depending on the properties sought in the final 

WOTsT The photoinitiator, if used, is included in an amount ranging from about 0.01 to 4% based on the combined 
weight of the epoxy-containing material and the polyester component. Increasing amounts of the photoimtiator can 
result in an accelerated curing rate. Increased amounts of photoinitiator can also result in reduced energy exposure 
requirements. The amount of the photoinitiator is determined by the rate at which the composition should cure, the 
intensity of the radiation source, and the thickness of the composition. 

[0076] In some applications, it is useful to initially radiation cure the melt-flowable composition only at the surface of 
the sheet and subsequently thermally cure the entire sheet later. For example, an actinic radiation curable epoxy 
polyester sheet material is exposed to actinic radiation to cure the surface of the sheet matenal, and then placed in 
the aforementioned roof ditch such that the sheet material forms a concave surface along the roof ditch as shown in 
FIG 1 b The strip is then heated to a temperature sufficient to bond the strip to the surfaces within the ditch, and cure 
the entire thickness of the sheet. The result is a skinned surface on the sheet material that aids in providing a smooth 
surface for visual and functional reasons. 

[0077] Melt-flowable compositions which include a polyether polyol may be useful in allowing the melt-flowable sheet 
to conform to the surface and displace trapped air before forming a permanent bond to the substrate. 
[0078] Additionally, and optionally, up to 50% of the total volume of the composition (based on the epoxy-conta.ning 
material the polyester component, the photoinitiator and the optional hydroxyl-containing material), may be provided 
by various fillers, adjuvants, additives and the like such as silica, glass, clay, talc, pigments, colorants, glass beads or 
bubbles glass or ceramic fibers, antioxidants, and the like so as to reduce the weight or cost of the composite, adjust 
viscosity and provide additional reinforcement. Fillers and the like which are capable of absorbing the radiation used 
during the curing process should be used in an amount that does not adversely affect the curing process. 
[0079] The melt-flowable compositions comprising the foregoing polyester and epoxy polyester materials are pre- 
pared by mixing the various ingredients in a suitable vessel, preferably one that is not transparent to actmic radiation 
if a photoinitiator is used, at an elevated temperature sufficient to liquefy the components so that they can be efficiency 
mixed with stirring until the components are thoroughly melt blended but without thermally degrading the materials. 
The components may be added simultaneously or sequentially, although it is preferred to first blend the epoxy-con- 
taining material and the polyester component followed by the addition of the hydroxyl-containing material and then the 
photoinitiator. The melt-flowable compositions should be compatible in the melt phase, i.e.. there should be no v.s.ble 
gross phase separation among the components. 

[0080] The melt-flowable sheet made with epoxy polyester compositions may be tacky or tack-free. A blend of liquid 
and solid epoxy-containing materials is useful in providing a tacky sheet. 

[0081] In use the melt-flowable sheet materials containing a photoinitiator can be exposed to a radiation source to 
activate the catalyst for curing of the epoxy-containing material before, during, or after the sheet material has been 
applied to the substrate. Activation of the catalyst occurs upon exposure of the sheet materials to any source emitting 
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actinic radiation (i.e., radiation having a wavelength in the ultraviolet or visible spectral regions). Suitable sources of 
radiation include mercury, xenon, carbon arc, tungsten filament lamps, quartz halogen lamps, fluorescent lights, sun- 
light, etc. Exposure times must be sufficient to activate the catalyst and may vary from less than about 1 second to 20 
minutes or more depending upon both the amount and the type of reactants involved, the radiation source, the distance 

5 from the radiation source, and the thickness of the sheet. 

[0082] The time needed to reach full cure may be accelerated by curing the sheet materials with heat, such as in an 
oven. The time and temperature of the cure will vary depending upon the glass transition temperature of the polyester 
component, the concentration of the photoinitiator, the radiation exposure conditions, and the like. Typical cure cycle 
. conditions range from 5 to 30 minutes with temperatures ranging from about 50°C to 200°C. More than one heating 

10 cycle may be used to cure the sheet materials. 

[0083] The compositions may also be cured by exposure to electron beam radiation. The dosage necessary is gen- 
erally from less than 1 megarad to 1 00 megarads or more. The rate of curing tends to increase with increasing amounts 
of photoinitiator at a given light exposure or irradiation. The rate of curing also increases with increased radiation 
intensity or electron dosage. 

15 [0084] Other layers may be included in the melt-flowable sheet for various purposes. A second melt-flowable layer 
may be adhered to the one major surface of the first melt-flowable sheet to improve the topographical and aesthetic 
features of a surface. 

[0085] A second layer may be included in the melt-flowable sheet material to improve outdoor weatherability of the 
tape. 

20 [0086] The second layer of the melt-flowable tape can include thermal expansion agents such as blowing agents, 
foaming agents, expandable polymeric microspheres and the like to impart a convex shape to a surface. 
[0087] A woven or nonwoven web or scrim may be included in the melt-flowable sheet material. The web can be 
laminated to the melt-flowable layer using an adhesive or by heat lamination techniques, and may be inserted between 
two melt-flowable layers. Addition of a nonwoven web has been found to be useful in controlling the flow of the melt- 

25 flowable layer. The woven or nonwoven web can also be used to impart strength to the sheet material for better handling 
properties. 

[0088] As mentioned above, the sheet material according to the present invention comprises a top layer and a bottom 
layer, wherein said top layer being a thermoset or thermoplastic film that in dimensionally stable. There films are di- 
mensionally stable at the temperatures to which they might be exposed to either in applying the melt-flowable sheet 

30 material to a substrate, e.g., when the sheet material is heated to a temperature necessary to cause flow and/or ther- 
mosetting of the sheet material, or after it has been applied, e.g., exposure to cold weather temperatures, sunlight, 
etc. Useful thermoplastic films include polyurethane films, oriented polyester films, polyimide films, polyolefin films, 
and the like. The films can be used to provide smooth surfaces for painting or as the finished surface after the melt- 
flowable sheet has been bonded to a surface. 

35 [0089] Thermoset films can also be used. Examples of thermoset films include films made from the above-described 
epoxy polyester materials that have been crosslinked, cross-linked epoxy films, and the like. 
[0090] Preferred films include films made from the above described epoxy polyester materials, polyester films include 
polyethylene terephthalate films, ultrahigh molecular weight polyethylene films, microporous ultrahigh molecular weight 
polyethylene films, ultrahigh molecular weight polypropylene films, ultrahigh molecular weight microporous polypro- 

40 pyleae films, and polyimide films. Ultrahigh molecular weight polyolefin films are preferred in some embodiments be- 
cause the very long chains of these polyolefins can soften upon heating without exhibiting the molten liquid flow typical 
of thermoplastic materials. 

[0091] Useful ultrahigh molecular weight polyethylene films have an intrinsic viscosity of at least about 18 deciliters 
per gram (dL/g), a typical range of intrinsic viscosities between about 18 and 39 dL/g, and a preferred range between 

45 18 and 32 dL/g. Useful ultrahigh molecular weight polypropylene films have an intrinsic viscosity of at least 6 dL/g. A 
typical range of intrinsic viscosities is 6 to about 18 dL/g, and a preferred range is 6 to 16 dL/g. 
[0092] Both thermoset and thermoplastic films are dimensionally stable at the temperatures to which they are ex- 
posed. By dimensionally stable, it is meant that the films have sufficient integrity at the temperatures of use, and 
particularly, during the heat curing cycle of the melt sealing layer at 120C to 200C for 20 to 40 minutes, so they do not 

50 melt and flow. Also the films do not exhibit wrinkling when they are heated to the melt sealing temperature and sub- 
sequently cooled. The films also have enough integrity to prevent entrapped air bubbles in the melt sealing layer from 
blowing through the film and causing a defect. Preferably, the films, after they have been laminated to a melt sealing 
layer and heated to the temperature needed to bond the melt sealing layer to a surface, will exhibit a downweb and 
crossweb shrinkage of less than about 5%, more preferably, less than about 3%, and most preferably, less than about 

55 2%. In highly preferred embodiments, the films will exhibit less than 1% shrinkage in the downweb direction, and less 
than 0.5% in the crossweb direction 

[0093] Depending upon the application, it may be desirable to have a certain amount of shrinkage in the film to help 
control the flow of the underlying melt sealing material. 
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[0094] The films can contain additives to improve or impart various properties such as paint ^Mion and thermal 
Slusefulmateria. S forthesepurposesincludesiliceousf,llerssuch 

s lica oels qlass and the like, carbonaceous materials, inorganic metal oxides, sulfides, sulfates, and carbonates. 
£Z2££ZZ carbon black, iron oxide, titanium oxide, zirconia. zinc sulfide, barium sulfate, calcium carbon^e. 
and magnesium carbonate. Preferred fillers are silicas and clays, and preferred siliceous fi lers are 
sSa gel and fumed Mica. Fillers can be used in amounts from about 5% to 90% by we,ght based on the total weight 

^OOgsHn a oreferred embodiment, the film is a microporous ultrahigh molecular weight microporous polyolefin film 
K 5u to 90 1 bTweSt of the total weight of the film of a siliceous fillers and a network of interconnecting pores 
throuahout the film with the pores constituting 35 to 80 percent by volume of the film. 

0096] Usefu, clmercially available films include microporous films sold by PPG Industries under the Tesl.n™ trade- 
name and polyester films sold by ICI Americas under the Melinex™tradename. 

SuSfe microporous films are also described in U.S. Patent Nos 4.861.644 (Young et al.) and 4,439.256 

!oo h 98T a The dimensions stable film can be used alone or in combination. For example, a suitable construction for 
the too lave" coTd fi m a 0.008 mm (0.003 inch) thick polyester film as the dimensional* stable '"". and having a 
0 00% mm (0 0005 inch) thick film of the thermoset epoxy polyester material laminated to the polyest er fi m . A film 
having good dimensional stability at a higher temperature such as polyester can also be 
less dimensional stability at the same temperature. An example of such a construction would be a 0 0025 mm (0.001 
inch! SttlJS-SnS alcohol film laminated onto the 0.008 mm (0.003 inch) thick polyethy^ne erephthalate film 
Sf H L formed by conventional means such as adhesively laminating the films together w^h for 
example . hot melt adhesive or a laminating adhesive, coextruding the films, and extrusion coating the film onto the 

such a Process includes heating the film without stress at a temperature above the max.mum use emperature. 
nMOOl ThrdlmensLally stable film can be treated to improve adhesion of the film to either or both the melt seal.ng 

nraftina and the like. Treatments are especially useful for polyolefin films. 

?0?Jl] ?n a Purred embodiment, the dimensiona.lv stable film is attached to a second film which can provide a 
surface that wNI readily accept standard paints and primers, such as those used in the automotive industry. Examples 
f S Z Nmstc ude f ms made from ethylene vinyl alcohol and the above described epoxy po yes *er. 
[0102] Two or more melt-flowable layers having different melt flow properties may be lammated t°S«^^™* 
» flLlZ chPPt material For example the top layer can be formulated to have greater flow properties than the 
"yer £ ™ H a^mulafad'tohave higher strength for better handling properties, so that on 

Lo that theTelMlowab.^ sheet can be positioned on a surface before the melt flow layer is heated. The melt flow ayer 
may round'ed edges on the me,»-flowable sheet without flowing around the PSA. or ,t may 

flow sufficiently to encapsulate the PSA so that none of the PSA edges are exposed. arefhalran 
[oTo4 Usefal PSA's include block copolymer PSA's, such as styrene-isoprene-styrene bloc copolymer that can 
be hot melt coated or solvent coated; acrylonitrile PSA's; acrylate PSA's, such as copolymers of acryhc o methacryl c 
esters ^on-tertiary alcohols having from about 4 to 12 carbon atoms in the alcohol moiety and optional copolymer- 
zab.e reinforcing monomers, that are polymerized using known techniques including 
polymerization, and radiation polymerization; natural rubber PSA's, s ilicone P SA 's, and vinyl 
can be bonded to the melt-flowable sheet by any known techniques including coating the PSA directly onto the shee 
and curing te PSA or drying off the solvent, laminating the PSA transfer tape to the sheet, co-extruding a hot melt 

Lcrylate. hexyl acrylate. 2-ethy.hexyl acrylate. octyl acrylate. isooctyl acrylate. decy. acrylate. dodecyl acrylate, and 

To^r TheClymerizable reinforcing monomer, if used, is a monomer which has a hom f 0 ^ 

emperature higher than the glass transition temperature of a homopolymer prepared <^ ^th^lic 

ester Useful reinforcing monomers include acrylic acid, isobornyl acrylate. N-v.nyl pyrrolidone. acrylon.tnle, N-v,nyl 

caorolactam N-vinyl piperidine, and N.N-dimethylacrylamide. and itacomc acid. 

Sm When a reining monomer is used, the acrylic or methacrylic ester wil. general* be present in an amount 
of about 50 to 1 00 parts by weight, and the reinforcing comonomer will be present in a corresponding amount of from 

Z^£E2E& pressure-sensitive adhesives can be prepared by known processes by mixing an initi- 
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ator such as azobisisobutyronitrile in an organic solvent such as ethyl acetate, adding the monomers in the desired 
proportions, and then heating at an elevated temperature such as 80°C, until the polymerization is completed. The 
adhesives can also be prepared by UV polymerization and E-beam polymerization by processes known in the art. 
Pressure-sensitive adhesives are also available commercially from a number of suppliers as adhesive transfer tapes. 
5 Such tapes include product numbers 465, 467, and 468, all commercially available from Minnesota Mining and Man- 
ufacturing Co. 

[0109] In an another embodiment, the melt-flowable sheet material may include a layer of a thermosettable PSA 

which is tacky and pressure-sensitive at room temperature, and which cures to a thermoset adhesive after heating. 

This type of melt-flowable sheet material has utility in bonding together two surfaces with the sheet bonding to a first 
10 surface on the thermosettable PSA side at a lower temperature, i.e., about room temperature, and then bonding to a 

second surface on the melt-flowable side at a higher temperature, i.e., the melt temperature of the melt-flowable layer. 

When the substrates are heated at the higher temperature, the PSA also cures to form a thermoset adhesive having 

very high bond strengths. In this application, the melt-flowable layer may be selected for minimal flow at the higher 

temperatures so that the melt-flowable material does not flour out of the bond. 
15 [0110] Preferred melt-flowable layers for this embodiment include the above-mentioned polyesters and functional- 

ized plefinic polymers. 

[0111] Suitable thermosettable PSA's include a thermosettable component and a pressure-sensitive adhesive com- 
ponent. The thermosettable component will generally be present in an amount of about 25 to 1 50 parts by weight based 
oh 100 parts by weight of the PSA component. 

20 [011 2] Coatable compositions for the thermosettable PSA can be formed by various methods which include blending 
together a solvent-based PSA, a thermosettable resin, and thermosettable curatives, dissolving a pressure-sensitive 
elastomer, such as a nitrile butadiene rubber, in a solvent, and mixing with thermosettable resins and curatives; and 
blending monomers or prepolymers useful for making a PSA, such as the monomers for making the above-mentioned 
acrylate copolymers, with thermosettable resins and curatives, and photopolymerizing the blends. 

25 [01 13] Materials useful for the PSA component include those described above for a PSA. Preferred materials include 
acrylonitriles and acrylates, and especially preferred are acrylates. 

[01 14] The thermosetting components arc thermosetting resins such as epoxy resins, urethane resins and phenolic 
resins. Preferred thermosetting resins are epoxies and urethanes, and epoxies are most preferred. Useful epoxy resins 
are described above. The epoxy resin may be solid, liquid, or a mixture thereof, as long as the epoxy can be mixed 
30 with the PSA component. Preferred epoxies include phenolic epoxy resins, bisphenol epoxy resins, hydrogenated 
epoxy resins, bisphenol epoxy resins, aliphatic epoxy resins, halogenated bisphenol epoxy resins, novalac epoxies, 
and mixtures thereof, and most preferred epoxies include diglycidyl ethers of bisphenol A. 

[01 15] In a preferred embodiment, the thermosettable PSA is the photopolymerized reaction product of a composition 
having (i) a prepolymeric (i.e., partially polymerized to a viscous syrup typically between about 0.1 and 10 Pa.s (100 

35 and tO.OOO centipoises) or monomeric syrup of an acrylic or methacrylic acid ester as described above; (ii) optionally, 
a reinforcing comonomer as described above; (iii) an epoxy resin; (iv) a photoinitiator; and (v) a heat activatable hard- 
ener for the epoxy. The adhesives can be prepared according to the procedures found in U.S. Patent No. 5,086,088. 
[0116] The photoinitiators useful for polymerizing the prepolymeric or monomeric syrup may be any conventional 
free radical initiator activatable by, for example, ultraviolet light. An example of a suitable photoinitiator is 2,2-dimethoxy- 

40 2-phenyl acetophenone (lrgacure™651 available from Ciba-Geigy Corporation). The photoinitiator is used in an amount 
sufficient to polymerize the monomers, typically about 0.01 to 5 parts by weight per 100 parts of the prepolymeric or 
monomeric syrup. 

[0117] The heat activatable curative is added to the composition to effect curing of the epoxy resin when heated. 
The hardener may be any type, but preferably, it is an amine type hardener such as dicyandiamide and polyamine 
45 salts. Suitable commercial curatives are available under the Omicure™ trademark from Omicron Chemical, and under 
the Ajicure™ trademark from Ajinomoto Chemical. The curative is used in an amount sufficient s cure the epoxy resin, 
typically, in an amount from 0.1 to 20 parts by weight, arid preferably, 0.5 to 10 parts by weight per 100 parts of epoxy 
resin. 

[0118] It is useful to further add an accelerator to the adhesive composition because the heat to which the composition 
50 is exposed may be insufficient to fully activate the curing agents to cure the epoxy resin. The accelerator allows the 
adhesive to cure at a lower temperature and/or for shorter periods of heat exposure. Imidazoles and urea derivatives 
are particularly preferred in the practice of the present invention and useful compounds include 2,4-diamino-6-(2'- 
methyl imidazole)-ethyl-s-triazine isocyanurate, 2-phenyl-4-benzyl-5-hydroxymethylimidazole, hexakis (imidizole)nick- 
el phthalate, and toluene bis-dimethylurea. The accelerator may be used in an amount up to 20 parts by weight per 
55 1 00 parts by weight of the epoxy resin. 

[0119] In making the melt-flowable sheet with a thermosettable PSA the aforementioned solvent based compositions 
are coated onto a flexible web, preferably a silicone coated release liner, at the desired adhesive thickness and the 
solvent is removed by heating the adhesive to a temperature below the thermosetting temperature. The adhesive is 
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then laminated to the melt-flowable sheet for further use. Alternatively, the compositions can be coated directly onto 
the melt-flowable sheet and dried at temperatures below the hot melt activation temperature. 

mnQPt PSA laver to provide additional strength for handling purposes. 

ST^KrlSd men-flo»a 6 le ^.having a thermoaettabla PSA is P-^rt^ZSLlS 

?Inge from about 10 to 300 micrometers, and preferably, from about 30 to 200 m,crometers. 
TEST PROCEDURES 
OVERLAP SHEAR STRENGTH 

adhesive failure is recorded in megaPascals (MPa). 
ADHESIVE SHEAR STRENGTH FOR WASHER BONDING 

JS"^'60^£^ are then coo.ed to room temperature before testing. Using a tens.le tester, 
the adhesive shear strength is measured at a jaw separation rate of 50 mm /mm. 
[0127] The preferred adhesives have a shear strength greater than 50 kgf/cnr^. 

PUNCHING ABILITY 

,01281 A oressure operated punch press was used to punch the bonding materials in the form of a circle comjonj 
E to the ^ITa washer witK a pressure of 30 kgf/cm*. The numberofsamp.es per bond.ng matenal was five. The 

S^SS^^Eon. or .o samples are punched imperfect,. The thermosetting adhesive slight, 
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leaks out of the hot melt film. 
LEAKAGE OF AN ADHESIVE AGENT 

[0131] The samples used In measuring the adhesive shear strength were used to visually check for leakage of a 
pressure-sensitive thermosetting adhesive or the hot melt film from the steel panels. The criterion is presented below: 



No leakage 


Ok 


Slight amount of leakage 


Fair 


Large amount of leakage 


Poor 



[0132] Specific embodiments of the invention will be illustrated by the following nonlimiting examples. Parts refer to 
parts by weight unless otherwise indicated. 

Reference EXAMPLES 1-2 

[0133] For Example 1 (EX-1), a melt-flowable sheet was prepared by heating 100 parts of a hydroxy-functional semi- 
crystalline polyester resin (Dynapol™ 1402 available from Huls America) to about 110°C to form a molten mixture. The 
molten mixture was coated on a knife bar coater (heated to 127°C) onto a silicone coated kraft paper to form a 1 .0 mm 
thick sheet. The sheet was cooled to room temperature and became opaque after about 2 hours indicating that crys- 
tallization had occurred. 

[0134] For Example 2 (EX-2), a melt-flowable sheet was prepared by mixing 10 parts of a digylcidyl ether of bisphenol 
A (EFON™828, available from Shell Chemical Company) with 89 parts DYNAPOL™S1402 and 1 part triphenyl sulfo- 
nium hexafluoroantimonate (described in U.S. Pat. No. 4,321,951, column 5, line 48, to column 7, line 48), and mixing 
at about 110°C for about an hour. The resulting mixture was coated on a knife bar coater (heated to 127°C) onto a 
silicone coated kraft paper to form a 1 .0 mm thick sheet. The sheet was cooled to room temperature. 

TESTING OF Reference EXAMPLES 1 & 2 

[0135] Sample tapes of Examples 1 and 2 measuring about 2.5 cm by 7.6 cm were placed across a 2.5 cm wide 
strip of anodized aluminum positioned across a larger anodized aluminum panel (referred to hereinafter as a step 
panel), and heated in an oven at 177°C for 30 minutes. Both tapes flowed out and provided aesthetically pleasing 
smooth surfaces with rounded comers and smooth transitions between the aluminum strip and the panel. The tapes 
also flowed out beyond the original dimensions of the strips on the panels and adhered tenaciously to the panels. 
[0136] Each example was then cut into strips 1.9 cm wide and about 25.4 long and placed into U-channels having 
an inside width of 1.9 cm. Each U-channel was formed by bending two pieces of cold rolled steel at 90° angles and 
spot yvelding the pieces together so that a step down joint was formed in the U. The U-channels, with the strips attached, 
were tilted at an angle of about 15° and heated in an oven at 177°C for 30 minutes and cooled to room temperature. 
Both strips had flowed out to effectively seal the joint and impart a smooth surface in the channel with no appearance 
of the step joint on the surface. 

[0137] The lower edge of both strips were marked on the U-channel and both U-channels were then placed in a 
120°C oven at a 15° angle for 30 minutes, and then cooled. The flow from subsequent heating was about 3.2 mm on 
EX-1 and about 25.4 mm on EX-2. 

[0138] An additional sample of each of EX-1 and EX-2 was tested on step panels as described above and heated 
for 30 minutes at 177°C. All four samples (the two original samples exposed to previous heating cycles and the two 
new samples with no exposure to subsequent heating cycles) were painted with a white water-borne base coat 
(HWB90934 available from PPG Industries) and heated for 5 minutes at 1 21°C. A two part clear coat (CNCT2AH Part 
A and CNCT2BE Part B, both available from PPG Industries) was. mixed according to the manufacturer's instructions 
and spray painted on ail four panels. The panels were then heated for 30 minutes at 140°C and cooled. The paint finish 
on the melt-flowable strips was identical in gloss, color, and distinctness of image (which is an indication of its mirror- 
like qualities) as the surrounding metal surface. The paint transition between the melt-flowable strip and the metal 
surface was smooth and exhibited no evidence of a parting line or paint edge separation. 

[0139] The samples that had been heated once to melt flow the tapes prior to painting were then placed in an oven 
at 120°C for 30 minutes. After cooling, no additional flow was observed in either panel and the surface remained smooth 
and aesthetically pleasing. The panel with the melt-flowable strip of EX-2 exhibited slight wrinkling at the surface at 
oven temperatures, but the wrinkles disappeared on cooling to room temperature. 

[0140] The foregoing Examples and tests illustrate preferred embodiments of the invention wherein sealed, aesthet- 
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ically pleasing, and paintable surfaces are imparted to a metal surface. 
Reference EXAMPLE 3 

[0141] The melt-flowable layer of EX-1 was cut into a strip measuring 2.5 cm by 7.6 cm, placed on an ED-11 panel, 
and heated in a 177°C oven for 30 minutes. The panel was then cooled, painted with the white base coat and clear 
coat paints described above, and placed in a 121"C oven for 30 minutes to cure the paint. The melt-flowable tape 
produced a protuberance having rounded edges on the panel. Subsequent heating of the panel placed horizontally in 
a 177°C oven for 30 minutes did not affect the paint surface or any distortion to the protuberance. The panel was then 
placed in a 177°C oven for 30 minutes at a 75° angle from the horizontal. As the panel heated, a protuberance formed 
into a teardrop shape with the paint surface remaining intact. The panel was cooled to room temperature in the 75° 
angle position and the protuberance returned to its original shape. 

[01 42] The same panel was reheated at a 75° angle except that a pinhole was punched through the paint layer into 
the melt-flowable layer. Upon heating, the underlying melt-flowable layer was still thermoplastic and oozed out of the 

[0143? The foregoing example illustrates the formation of a reacted interface between the paint and the melt-flowable 
sheet material. 



Reference EXAMPLE 4 

[0144] A strip of the melt-flowable sheet of EX-1 measuring about 2.5 cm by 7.6 cm was placed on a silicone release 
coated polyester film and placed in an oven at 177°C until the tape became clear, indicating that it had I become amor- 
phous The strip was removed from the oven and cooled to room temperature (between 21°C and 23 C). The strip, 
still clear, had sufficient tack to adhere to an ED-11 at room temperature. The panel was then heated to adhere the 
strip to the panel at 120°C for 10 minutes, and then reheated at 177°C for 30 minutes. The sample was then painted, 
and cured in a 140°C oven for 30 minutes. This example illustrates how an embodiment of the invention can be tem- 
porarily positioned on a substrate before permanently bonding to the substrate. 

Reference EXAMPLES 5 

r0145l The melt-flowable sheet material of EX-1 was laminated to an acrylate PSA transfer tape (467 Adhesive 
Transfer Tape, available from Minnesota Mining & Manufacturing Co.). Strips measuring 2.5 cm by 7.6 cm were lam- 
inated to an anodized aluminum panel, and 2.54 cm by 1.27 cm strips were laminated to the ED-11 overlap shear 
panels described above. The samples were placed in an oven for 15 minutes at 177°C and then cooled at room 
temperature until they were opaque (about 90 minutes). _„ eil . atia H 
[01461 The sample on the anodized aluminum panel adhered well and the melt-flowable shee had encapsulated 
the PSA The lap shear samples were tested and had an average overlap shearstrength of 17.8 kg/cm* (253 8 pounds 
per square inch). The failures were observed to be cohesive between the PSA and the melt-flowab e sheet 
[0147] The above example illustrates the utility of a PSA layer on the melt-flowable sheet to hold the sheet in place 
until.it is heated to seal a surface. 

Reference EXAMPLES 6-10 

r0148] Two hydroxy-functional polyesters having different amounts of crystallinity were mixed and coated to form 
sheets as described in EX-1. The time required for the sheets to turn opaque was measured as an indication of the 
rate of crystallization. The polyester materials used were Dynapol™1402, a weakly crystalline polyester resin and 
Dynapol™1359. a polyester resin with higher crystallinity. The amounts of each resin are shown in Table 1. The details 
shown in Table I indicate that the rate of crystallization can be varied. 

Table 1 





EX.6 


EX-7 


EX-8 


EX-9 


EX-10 


Dynapol™S1402 


100 


75 


50 


25 


0 


Dynapol™S1359 


0 


25 


50 


75 


100 


Crynallizatian Time (min.) 


140 


110 


15 


9 


7 
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Reference EXAMPLES 11-18 AND C1-C3 

[0149] Various thermoplastic materials were evaluated for flow and paint adhesion. The materials were provided in 
1 mm to 3 mm thick sheets. Example 11 was prepared as in EX-1 except that a 1 mm thick sheet was prepared, and 
Example 12 was prepared as in EX-2 except with a thickness of 1 mm. The remaining sheets were prepared by placing 
pellets of the materials between release coated polyester liners and heating with an iron until the materials fused into 
sheets between about 0.08 mm and 0.15 mm in thickness. Multiple sheets were folded together to form thicker sheets 
measuring between about 1 and 3 mm. 

[0150] The samples were placed on step panels (described above) at 177°C for 20 minutes and the flow properties 
were noted. 

[0151] The samples were then painted with a white water-borne base coat (HWB90934 available from PPG Indus- 
tries).and heated for 5 minutes at 140°C. A two part clear coat (CNCT2AH Part A and CNCT2BE Part B, both available 
from PPG Industries) was mixed according to the manufacturer's instructions and spray painted on the panels. The 
panels were then heated for 30 minutes at 140°C and cooled overnight. The panels were then reheated to 140°C for 
20 minutes. 

[0152] The materials were tested as follows: (1) for flow after heating, but before painting (OK indicates that the 
material flowed but remained viscous; L indicates that the material liquified); (2) paint quality after painting, curing the 
paint, and re-heating (OK indicates surface appearance was good; FAIL indicates that the paint cracked or did not 
cure); (3) after reheating (OK indicates no change in appearance; EDGE indicates that the paint cracked around the 
perimeter of the sheet and FAIL indicates that the paint cracked and polymer flowed out of the cracks); and (4) for 
cross hatch adhesion reported as a percentage ofthe paint still adhered to the melt-flowable sheet, testing per ASTM 
D3359-90 to get (1 00% is desired, FAIL indicates sample failed before test could be performed). Test results are detailed 
in Table 2. 



Table 2 



EX 


Melt-flowable 
Material 


Heated 20 min. at 
350°C 


Painted & Heated 
30 min. @141°C 


Reheated 20 min. 
at 141 °C 


Paint Adhesion % 


11 


EX-1 


OK 


OK 


OK 


100 


12 


EX-2 


OK 


OK 


OK* 


100 


13 


A 


OK 


OK 


OK 


100** 


14 


B 


OK 


OK 


EDGE 


100 


15 


C 


OK 


OK 


OK 


100 


16 


D 


OK 


OK 


FAIL 


100** 


17 


E 


OK 


OK 


FAIL 


20 


18 


F 


OK 


FAIL 


FAIL 


FAIL 


cr 


G 


L 


FAIL 


FAIL 


FAIL 


C2 


H 


L 


FAIL 


FAIL 


FAIL 


C3 


I 


L 


FAIL 


FAIL 


FAIL 


A - TS-1 502 available from Sherex Co. 

B - BUTVAR™B19 - polyvinylbutyral from Monsanto Co. 

C - Surlyn™1605 - ethylene acrylic acid film from DuPont Co. 

D - Primacor™3440- ethylent acrylic acid from Dow Chemical Co. 

E - Elvax™260 - ethylene vinyl acetate from DuPont Co. 

F - SCX 8008 - acrylic polyol from J.C. Johnson Co 

G - Carbowax™8000 from Union Carbide 

H - Carbowax™20M from Union Carbide 

I -TMP (trimethylolpropane) from Aldrich Chemical 





* Paint surface wrinkled when hot: surface smoothed out on cooling 
•* Paint film was brittle 
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Reference EXAMPLES 19-21 

roi 531 Example 19 is a melt-fiowable sheet made as in EX-1 except to a thickness of about 2 mm. Example 20 was 
[0153] Example i» is a men ww* thickness of 1 27 mm with a nylon nonwoven between the two 

prepared using two sheets ^^^^^^^^n. a ^ a L from Fiberweb N.A.) and was 

21 was prepared as Example 20 except that a polyester nonwoven material 0.01 7 kg/m* (0.5 oz/sq. yd) Reemay 
^^^S^^ by cutting 2.54 cm by 20.3 cm strips and placed lengthwise on a curved meta, 



[0155] 

sheet 



Reference EXAMPLES 22 And 23 

roi 561 Sheets were prepared as in EX-2 to a thickness of 0.076 mm. The sheet for Example 22 was expos* He , UV 

T* EE? tTctaTmSi 5a and 5b depict the panels end a sheet before (FIG. 5a) end arte, 
« tJTJ£ ^eZS and b„«, examples exhibited sufficient How to seal the seam. Example 23. 

r mr~^— 

inu 5>a... H - , 99 Th Dane | S were then coated w th a black base coat from BASF, curea, over 

z«z:r: z: s^zsxsz*- ^ ^ and 

0157] The above examples il.ustrate how irradiating the sheet material can change the surface conformably. 
Reference EXAMPLE 24 

.01581 A crosslinkable melt-fiowable sheet was prepared as in EX-2 except that the composition was prepared by 
1 1 , r ^n!2S I idoatohato eooxy (ERL-4221 available from Union Carbide) with 89 parts of a weakly crystalline 
mating 10 parts fj^SS^SmSS^W^ and 1 part triphenyl sulfonium hexafluoroantimonate, and coating 

two heete were placed on top of each other and between si.icone release coated polyester liners, and heated a 7 C 
far 1 minute t form a 4 mm thick sheet. A strip was cut to a width of about 2.54 cm and placed into a roo ditch 

CpZZ andthe sides oHhe tape had bonded tenaciously to the sides *^.*^J^ 
Some entrapped air bubbles were seen and these may have been related to the th-ckness of the tape. 

Reference EXAMPLE 25 

[01591 The 2 mm thick crosslinkable melt-fiowable sheet of Example 24 was exposed to UV black light for 20 seconds 

bubbles did not affect the aesthetically pleasing surface characteristics of the strip. 
Reference EXAMPLES 26-34 
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examples exhibited good flow properties and paint adhesion was 100% for all of the samples. 



Table 3 - 



5 


Melt-flowable Compositions 




EX. 


PET 


Epoxy 


Catalyst 








1 


2 


3 


1 


2 


• 


26 


94 


5 






1 






27 


96 


3 






1 






28 


89 


10 






1 






29 


94 




5 








15 


30 


96 




3 








31 


89 




10 










32 


89 






10 




1 




33 


94 






5 




1 


20 


34 


96 






3 




1 




PET-Dynapol™S1402 














Epoxy 1- 

Co.) 


diglycidyl ether oligomer of bisphenol-A (Epon™1001, available from Shell Chemical 


25 


Epoxy 2 


-Epon™1002 












Epoxy 3 


- diglycidyl ether of bisphenol-A( Epon™828, available from Shell Chemical Co.) 




Catalyst 1 - triphenyl sulfonium hexafluoroantimonate 










Catalyst 2 - described in U.S. Pat. No. 5,089,536 










(eta 6 -xylenes (mixed isomers)) (eta 5 cyclopentadienyl) iron (1+) hexafluoroanimonate. 



30 



Reference EXAMPLE 35 

[0161] A 0.254 mm thick melt-flowable sheet was prepared as in Example 1. The second layer was prepared as 
follows: 

35 [0162] A 50/50 mixture of butyl acrylate and N-vinyl caprolactam was mixed to form a solution. A melt-flowable 
composition (57.7% acrylate and 42.3%epoxy) was prepared by mixing 75 parts of butyl acrylate, 75 parts of the 
butylacrylate/N-vinyl caprolactam solution, 50 parts of a butyl methacrylate/methyl methacrylate copolymer (Acry- 
loid™B-60, available from Rohm and Haas, Co.) and 110 parts of a diglycidyl ether oligomer of bisphenol-A 
(Epon™1001) in a jar on a roller mill until the epoxy and copolymer were in solution. To the solution were added 0.15 

40 part of 2,2-dimethoxy-2-phenyl acetophenone (lrgacure™651 , available from Ciba-Geigy), 0.15 part antioxidant (Ir- 
ganox™1010, available from Ciba-Geigy), 1.0 part carbon tetrabromide, 3.86 parts dicyandiamide (DYHARD™100, 
available from SKW Chemical), 1.38 parts hexakis (imidizole)nickel phthalate, 2 parts glass bubbles (C1 5-250 Glass 
Bubbles available from Minnesota Mining and Manufacturing Co.), and 7 parts of silica (Cab-o-sil™M-5, available from 
Cabot Corp.). The composition was mixed with a high shear mixer and then mixed on a roller mill for about 24 hours. 

45 The composition was then degassed and knife coated to a thickness of about 2.0 mm between 0.05 mm thick polyester 
liners which had been silicone coated. The coated composition was then exposed to ultraviolet light sources having 
90% of the emissions between 300 and 400 nm with a maximum at 351 nm. The light intensity above the web was 
1.88 mW/cm 2 (milliwatts/square centimeter) and 1.29 mW/cm 2 . The total energy used was 653.8 millijoules. The re- 
sulting melt-flowable tape was substantially tack-free at room temperature (about 21°C). 

so [0163] One of the polyester liners was removed from each of the sheets, and the first and second melt-flowable 
sheets were laminated together with an iron set at about 65.6°C to form a melt-flowable composite sheet. 
[0164] A strip of the composite sheet was placed on a metal panel having a slight depression on the surface with 
the first layer of the sheet on the metal surface, heated to 177°C for 30 minutes, and then cooled to room temperature. 
Example 38 showed no surface defects from the depression. As a comparison, a sheet having only the second layer 

55 described above was tested in the same manner. The surface of the second sheet had a visible crater in the sheet 
overlaying the depression. 
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Reference EXAMPLE 36 



[0165] A melt-flowable sheet was prepared by extruding a ,0.076 ^^S^SJSSS" 9 ' 
9% acrylic acid content (PRIMACOR 3440. available ^^T^lS^to abolt 5oi to form a solution. A 
[0166] A 50/50 mixture of butyl acrylate and N-vinyl caprolactam was h^ted to aDout ou 

Llt-flowable composition (50% acrylate and 50 % 
ofthebutylacrylate/N-^^ 

loid™B-60, available from Rohm and Haas, Co.) an I 200 pare o t g ' 0 J and copo )ymer were in solution. 
(Epon^lOOMvailablefromShenChem^ 

To the solution was added 0.2 part of 2.2-°'methoxy-2-phenyl a ™ ^ bromide 7 0 arts di cyandiamide (DY- 
artM.Kkl.nt OiO-nax^lOIO. ^^?*^ ,I, ^??S2: S2cS2 ^3SS^5SESTSi-I«. 4 parts glass bubbles 

ssissr . — ~ . - — — — - 

flowable tape with an iron as described above. 



Reference EXAMPLE 37 
[0168] 



having a viscosity of about 2000 cps. With 

acrylate syrup and mixed for about two hours °-^^^ a r^^^^ A (EL a 1 28 available from 
A (Epikote™1001 available from Shell Chem.cal Co.). 50 parts diglycdyl ether £ Mfmna « I ^jarnino-e-rc'-meth- 
*S Chemical CoO. 6.0 parts dicyandiamide (CG = 

y limidazolyKr)]-athyt-S-triazine ,socyanurate adduct J^^^JJSol diacrylate. The mixture was then 

fumed silica (Aerosil™972 available from DeGussa). and 0.03 parte ^*^*™^ e nonwoven (C EREXfrom 

degassed, and knife coated to a thickness of ^ r halg a Sess of about 0.05 

Fiberweb N.A.) placed on top of a transparent s. cone ™^^™*™* l ™£Zlte was photopolymerized 

mm. A similar release liner was P'-^ such that a total energy 

with ultraviolet lamps at an average '"tensity of about 1. 1 mW/cm ^ aoove ^ & 

of 500 m J/cm* were used. The lamps used had about 90 k ^* h «^°" ' f ™° hgd a thickness of abou , 0.3mm. 

at 351 nm. The resulting thermosetting, ^ ssure - se ^ polymer having an acrylic 

[0169] A hot melt adhesive layer (HMA) was prepared b ^^^^l^^ r eo1 about 250°C using 

acid content of 6.5% (PRIMACOR™3330, available from Dow Chemical, Ltd.) at a temperaiure 

a T die. The thickness of the layer was 50 micromet ers^ pressure-sensitive adhesive 

ability, and leakage. Test results are shown in Table 4. 



Reference EXAMPLE 38 



(Nippol 1001 available from Nippon Zeon Co.. Ltd.) in 400 grams of metny einy. k Ep j ko te™ 828. 100 

Lidded to the solution and mixed™ 

grams Epikote™ 1001 20 grams ^^^g^^^ Aerosil Co., Ltd.). The mixture was then 
sure-sensitive adhesive layer had a thickness of 100 ^'^^ pressure-sensitive adhesive layer to 

Reference EXAMPLES 39-42 

[ 017 3] Adhesive composites were prepared as described in Example 38 having varying thicknesses of each .ayer 
as shown in Table 4. Test results are also shown. 
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TABLE 4 



EX ' 


TPSA Thickness 
Micrometers 


HMA Thickness 
Micrometers 


Shear Strength kg/ • 
cm 2 


Punchina abilitv 


1 pakanp of Rnnriinn 

Lea r\a yc ui oui iuii ly 

Material 


37 


300 


50 


Not tested 


OK 


OK 


38 


100 


50 


162 


OK 


OK 


39 


100 


100 


175 


OK 


OK 


40 


100 


200 


166 


OK 


OK 


41 


50 


100 


164 


OK 


OK 


42 


300 


50 


Not tested 


Not tested 


Not tested \ 



Reference EXAMPLES 43-46 



[01 74] The thermosetting pressure-sensitive adhesives of Example 37 were laminated onto various hot melt adhesive 
layers as shown in Table 5. The thermosetting pressure-sensitive adhesive layer was 100 micrometers thick. The hot 
melt adhesive layers were prepared by extruding the hot melt adhesive resins shown in Table 5. Test results are shown 
in Table 6. 



TABLE 5 



EX 


Resin Type 


Product 

Designation/Manufacturer 


Melting Point -(oC) 


Thickness-micrometers 


43 


Olefinic 


DAF-899/Dow Chemical, Ltd. 


83 


75 


44 


Olefinic 


8930/Toray Synthetic Film Corp. 


90 


50 


45 


Polyester 


4152B/Toray Synthetic Film Corp. 


120 


65 


46 


Polyester 


1152B/Toray Synthetic Film Corp. 


80 


65 



TABLE 6 



EX 


Shear Strength - kg/cm 2 


Punching Ability 


Leakage of Bonding Material 


43 


170 


OK 


OK 


44 


90 


OK 


OK 


45 


165 


OK 


OK 


46 


174 


OK 


OK 



Reference EXAMPLE 47 

[0175] A first radiation curable epoxy polyester composition was prepared by blending 88.9 parts by weight of a 
hydroxy-functional semi-crystalline polyester resin (Dynapol™S1359 available from Huls America) and 1 part microc- 
rystalline wax (Unilin™700 available from Petrolite Corp.). A liquid mixture having 10 parts epoxy resin (Epon™S28), 
and 1 pan triphenyl sulfonium hexafluoroantimonate was pumped into the extruder at about the midpoint of the barrel 
and mixed with the polyester resin mixture. A vacuum of less thanks 63 cm Hg (25 inches Hg) was applied in the 
extruder barrel at the same area in the extruder barrel to eliminate air from the mixture. The extruder barrel temperatures 
ranged from 65°C to 110°C with the feed port temperature at about 25°C. The flat die was maintained at a temperature 
of 82°C. The extrudate was coated onto an untreated 0.0074 cm (0.00291 inch) thick polyester film, and the coated 
film was wound into a roll after cooling. The extrudate thickness ranged from 0.0013 to 0.0018 cm (0.0005 to 0.0007 
inch). 

[0176] The coating on the polyester film was then exposed to an ultraviolet light (UV) processor (Model 
QC250244ANIR supplied by Aetek International, Plainfield IL) with one medium pressure UV lamp having an energy 
output of 0.201 J/cm 2 at a line speed of 15 cm/s (30 feet per minute). The resulting coating on the polyester film was 
thermoset and had excellent adhesion to the polyester film. 
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[0177] The other surface of the polyester film was then coated with a second epoxy polyester composition prepared 
in the same manner as the first epoxy Polyester composition, except that the dry composition was 77.9 parts Dy- 
riapol™S1359, 1 part microcrystalline wax (Unilin™700) and the liquid mixture contained 20 parts epoxy resin 
(Epon™828), 1 pan polyol (Voranol™ 230-238 Polyol available from Dow Chemical Co.). and 0.1 part Cp(xylenes) 
Fe-SbF 6 - . The Second epoxy polyester composition was coaled to a thickness of 0.1 cm (0.040 inch) on the polyester 
film to form a sheet material. 



EXAMPLE 48 

[0178] The second epoxy polyester composition of Example 47 was coated to a thickness of 0.1cm (0.040 inch) onto 
0.018 cm (0.007 inch) thick filled ultrahigh molecular weight polyolefin film (Teslin™sp 700 available from PPG Indus- 
tries, Inc.) to form a sheet material. 

[0179] A 6 3 cm (2.5 inch) wide by 25.4 cm (10 inch) long strip of the sheet material was applied to an anodized 
aluminum panel and heated at 177°C for 15 minutes. After cooling the crossweb shrinking was determined to be 0% 
and the downweb shrinkable was about 1.5%, 

EXAMPLE 49 

[0180] A film layer was prepared by laminating a 0.0067 cm (0.00265 inch) thick polyester film (Melinex 054 primed 
polyester film 0.0067 cm (2.65 mils), from ICI Films. West Chester, PA) to a 0.025 mm thick ethylene vinyl alcohol film 
having 44 mole percent ethylene (E-25 from EVAL) with a polyester/isocyanate laminating adhesive (Adcote 76T3A/ 
Catalyst F, available from Morton) diluted to a solids content of 30% using ethyl acetate. The adhesive was applied to 
the ethylene vinyl alcohol film at a dry coating weight of about 32 grams per square meter using a gravure coater. The 
adhesive was dried at about 63°C to evaporate the solvent. The polyester film was then corona treated and heat 
laminated to the adhesive coated side of the ethylene vinyl alcohol film using nip rollers at about 93°C. 
[0181] The polyester side of the film laminate was then coated with a 0.1 cm (0.040 inch) thick layer of the second 
epoxy polyester composition as described in Example 47. 



Claims 

1 An article comprising a sheet material comprising a top layer and a bottom layer, (a) said top layer being a thermoset 
or thermoplastic film that is dimensionally stable so that it does not melt and flow when subjected to a temperature 
in the range of from 120°C to 200°C for a time in the range of from 20 to 40 minutes and (b) said bottom layer 
comprising a melt-flowable sheet material. 

2. The article according to claim 1 in the shape of a strip to be applied to a roof ditch of an automobile. 

3. The article according to claim 1 or 2, wherein said melt flowable sheet material comprises a thermoplastic polymeric 
material that have functional groups that can react with typical paints used in the industry such as those based on 
melamine or epoxy. 

4 The article according to any of claims 1 to 3, wherein said melt flowable sheet material comprises thermoplastic 
polymeric materials selected from polyesters, polyamides, functionalized ethylene (meth)acrylates, ethylene acryl- 
ic acids, polysulfides, polyacetals, olefinic polymers having the appropriate functional groups. 

5 The article according to any of claims 1 to 4, wherein said melt flowable sheet material comprises thermoplastic 
polymeric materials selected from polycaprolactones, polyesters having hydroxyl and carboxyl termination, epoxy 

. polycaprolactone compositions, epoxy polyester hot melt compositions optionally including hydroxyl containing 
material. 

6. A method for imparting topographical or protective features to a substrate comprising the steps of: 

(a) providing an article according to any of claims 1 to 5 

(b) contacting the bottom surface of the article with said substrate; 

(c) heating said article to a melt sealing temperature sufficient to cause the melt flowable composition to flow, 
adhere and form a bond to the surface of said substrate; and 

(d) allowing the article and said substrate to cool, 
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wherein the article remains adhered to said substrate. 
7. The method according to claim 6 wherein the substrate is a roof ditch of an automobile 



Patentanspruche 

1. Gegenstand, umfassend ein Bahnenmaterial mit einer oberen Schicht und einer unteren Schicht, wobei (a) es 
sich bei der oberen Schicht urn eine warmegehartete Oder thermoplastische Folie handelt, die dimensionsstabil 
ist, sodass sie bei Einwirkung einer Temperatur im Bereich von 120 bis 200°C uber einen Zeltraum von 20 bis 40 
Minuten nicht schmilzt Oder fliefit, und (b) die untere Schicht ein schmelzflie&fahiges Bahnenmaterial umfasst. 

2. Gegenstand nach Anspruch 1 in Form eines auf die Dachfuge eines Autos aufzubringenden Streifens. 

3. Gegenstand nach Anspruch 1 Oder 2, wobei das schmelzflieftfahige Bahnenmaterial ein thermoplastisches Poly- 
mermaterial mit funktionellen Gruppen, die mit typischen, in der Industrie verwendeten Farben, wie Farben auf 
Melamin- oder Epoxidbasis, reagieren kdnnen, umfasst 

4. Gegenstand nach einem der AnsprQche 1 bis 3, wobei das schmelzfliefifahige Bahnenmaterial aus Polyestern, 
Polyamiden, funktionalisierten Ethylen-(Meth)acrylaten, Ethylen-AcrylsSuren, Polysulfiden, Polyacetalen und ole- 
finischen Polymeren mitgeeigneten funktionellen Gruppen ausgewShlte thermoplastische Polymermaterialien um- 
fasst. 

5. Gegenstand nach einem der Anspruche 1 bis 4, wobei das schmelzfliefifShige Bahnenmaterial aus Polycaprolac- 
tonen, Polyestern mit Hydroxyl- und Carboxylendgruppen, Epoxid-Polycaprolacton-Zusammensetzungen und Ep- 
oxid-Polyester-Schmelzmassen-Zusammensetzungen, diegegebenenfalls hydroxylgruppenhaltiges Material ent- 
halten, ausgewShlte thermoplastische Polymermaterialien umfasst. 

6. Verfahren zum Versehen eines Substrats mit topographischen oder schutzenden Merkmalen, umfassend die 
Schritte des: 

(a) Bereitstellens eines Gegenstands nach einem der Anspruche 1 bis 5; 

(b) Inkontaktbringen der unteren Oberflache des Gegenstands mit dem Substrat; 

(c) Erhitzen des Gegenstands auf eine so hohe Schmelzabdichtungstemperatur, dass die schmelzflieRfShige 
Zusammensetzung flieftt, haftet und eine Verbindung mit der Oberflache des Substrats ausbildet; und 

(d) Abkuhlenlassen des Gegenstands und des Substrats, 
wobei der Gegenstand auf dem Substrat haften bleibt. 

7. Verfahren nach Anspruch 6, wobei es sich bei dem Substrat urn eine Dachfuge eines Autos handelt. 

Revendications 

1. Article comprenant un materiau en feuille comprenant une couche sup6rieure et une couche inf6rieure, (a) ladite 
couche supgrieure 6tant un film thermodurci ou thermoplastique dont les dimensions sont stables de sorte qu'i! 
ne fonde pas et qu'il ne coule pas lorsqu'il est soumis £ une temperature dans ia gamme de 1 20°C a 200°C pendant 
une dur6e dans la gamme de 20 d 40 minutes, et (b) ladite couche inferieure comprenant un materiau en feuille 
fluide a chaud. 

2. Article selon la revendication 1 en forme de bande £ appliquer a une rigole de toit d'une automobile. 

3. Article selon la revendication 1 ou 2, dans lequel ledit materiau en feuille fluide d chaud comprend un materiau 
polymfcre thermoplastique poss6dant des groupes fonctionnels qui peuvent r6agir avec les peintures typiquement 
utilis^es dans Industrie comme celles d base de m6lamine ou d'6poxy 
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4. Article selon I'une quelconque des revendications 1 a 3, dans lequel ledit materiau en feuille fluide a chaud com- 
prend des materiaux polymeres thermoplastiqueschoisis parmi les polyesters, les polyamides, les (meth)acrylates 
methylene fonctionnalises, les acides ethylene-acryliques, les polysulfures, les polyacetals et les polymeres ole- 
finiques possedant les groupes fonctionnels appropries. 

5. Article selon I'une quelconque des revendications 1 a 4, dans lequel ledit materiau en feuille fluide a chaud com- 
prend des materiaux polymeres thermoplastiques choisis parmi les polycaprolactones, les polyesters ayant une 
terminaison hydroxyle et carboxyle, les compositions epoxypolycaprolactone et les compositions epoxypolyester 
thermofusibles, contenant eventuellement un mat6riau hydroxyl6. 

6. Precede pour conferer des caracteristiques topographiques ou protectrices a un substrat comprenant les etapes 
consistant a : 

(a) se procurer un article selon I'une quelconque des revendications 1 & 5 ; 

(b) mettre en contact la surface inferieure de I'article avec ledit substrat ; 

(c) chauffer ledit article jusqu'a une temperature de soudage a chaud suffisante pourfaire couler la composition 
fluide d chaud, la faire adh6rer et lui faire former une liaison a la surface dudit substrat ; et 

(d) laisser refroidir I'article et ledit substrat, 

dans lequel I'article reste coll6 audit substrat. 

7. Procede selon la revendication 6 dans lequel le substrat est une rigole de toit d'une automobile. 
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Fig. 3c 
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Fig. 4c 



